INTRODUCTION
The hydrocarbon fuel RP-1 has been and continues to be used by a number of rocket propulsion systems.
Among them are the F-1 engine used in the Apollo program which is no longer in production as well as the RS-27A engine used in the Angular contact ballbearings continue to be a leading choice for these applicationsfor a number of reasons, among which are: 1)large capacity-tovolume ratio,2)the abilityto operate independent of external pressurizing systems, 3)the ability to operate without sudden seizure after ingesting foreignmaterial,4)low heat generation and lubricant consumption, and 5)tolerance for brief periods of lubricant starvation.A bearing having a bore of 85 rnm was selectedfor testing under both thrust and radial loads in a testrig that was modified for this program. 4 The testbearing was a separable angular contact bearing with thirteen-22.2turn (0.875 in) diameter balls.The inner and outer rings,as well as the balls,were made of M50 tool steelas per AMS 6491 and had a hardness of Rc 61-64. The cages were made of silverplated SAE 4340 steeland were outer ring guided.
Parametric testswere performed to establish the lubricatingcapabilities of RP-1 pertainingto ball bearings. Shaft speed was varied from 10 000 to 24 000 RPM. Thrust loads were varied from 4450 to 17 800 Newtons (1000 to 4000 Ibs.)and radial loads were varied from 1335 to 13 350 N (300 to 3000
Ibs.), while RP-1 flow rate was varied from 0.76 to 3.03 liters/rnin(Ipm) (0.2to 0.8 gpm).
TEST RIG DESCRIPTION
A cross-sectional drawing of the bearing test rig used in this program is shown in Fig. 1 Table I . •c ('F) change, as will be discussed later. Overall, it is apparent that as the shaft speed increases,the bearing becomes more sensitiveto changes in thrust load conditions as evidenced by the increasingslope of the curves for each increase in speed. A leastsquares curve fitfor the bearing temperatures versus thrustload at each speed gives a curve of the form:
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T, "C -TL 0 + TLI*P t where Pt isthe thrust load in kN and the coefficients TL 0 an TL_ are given in Table V . Note that each of these curves gives a different temperature when extrapolated to a conditionof zero thrust load. This is because the ballsare subjectedto differentcentrifugalforces at differentshaft speeds even when no thrust load isapplied. The change in bearing temperature as a function of shaft speed is shown in Fig. 5 at four differentRP-1 flow rates. Note that the bearing temperature is highly dependent upon shaft speed.In fact,doubling the speed from 10 000 rpm to 20 000 rpm doubles the bearing temperature for each flow rate from 3.03 to 1.14 Ipm. Moreover, a least-squares curve fitof temperature versus speed for each flow rateyieldsa second order relationship of the form:
where w is shaft speed in rpm and the coefficients, S0, S1, and S 2 are given in Table VII . T, "C= 9" 0 + V /9" Note that at 24 000 rpm and a flow rate of 0.76 Ipm specification. The test bearing was run at a maximum speed of 24 000 RPM while being subjected to a thrust load of 4450 N (1000 lbs.) and a radial load of 1335 N (300 lbs.). At a speed of 15 000 RPM, the thrust loads were varied from 4450 N (1000 lbs.) to 17 800 N (4000 lbs.) while holding the radial load at a constant 1335 N (300 lbs.). Also, at the speed of 15 000 RPM, the radial loads were
